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Ball lightning is accepted as a genuine phenomenon by most researchers, but many aspects of its observed behavior cannot yet be explained by a single comprehensive theory.  Among the most problematic aspects of the thousands of observations of ball lightning is its motion.  In a survey conducted by Rayle [1] in 1966 which analyzed more than 100 eyewitness accounts of ball lightning, a majority of the interviewees reported mainly horizontal motion, while only 19 percent reported vertical motion.  Ball lightning is often observed to move horizontally a few meters above the ground. 

In this abstract, we outline a hypothesis which explains the tendency of ball lightning to move horizontally.  This hypothesis also provides a stabilizing force that tends to maintain the object's height at a nearly constant level despite perturbations due to wind or drafts.  We propose that ball lightning is a room-temperature quantum-mechanical fluid whose density is equal to that of the ambient air, but whose compressibility is closer to that of a liquid.  Such fluids have not yet been observed experimentally, but Bulgac [2] has proposed a theoretical mechanism for such fluids, which resemble Bose-Einstein condensates in some ways.  All known Bose-Einstein condensates occur only at very low cryogenic temperatures, but it is possible that a similar phenomenon may be at work in ball lightning.  Bulgac's theory also predicts a surface tension for the fluid, which will cause it to assume a cohesive spherical form.

A volume of incompressible fluid with a density equal to that of air at a height h0 will experience a restoring force that will oppose vertical displacement of the volume away from h0.  This is because ambient air has a density gradient

[image: image1.wmf]d

r

d

h

=

-

r

0

g

M

R

T

     


(1)

where  is the density at h0, g = acceleration of gravity, M = molar mass of atmospheric air in kg/kmol, R = gas constant (N-m/kmol-K), and T = temperature (K).  If the (constant) density of the ball-lightning fluid is initially also  at a height h0, raising it above that height will place it in  less dense air, where the buoyancy provided by displaced air is insufficient to counteract gravity.  The fluid will experience a force (on the order of micronewtons for a typical 20-cm-diameter ball displaced a meter or so) that will tend to move it back to the original height h0, and similarly for displacement downward below h0.  

Experimental studies [3] by the author of electrically charged soap bubbles as models for ball lightning have shown that the forces that direct the motion of bubbles the size of typical ball lightning are on the order of 1-100 micronewtons, in the same range as the proposed quantum-liquid force.  The force itself is a classical consequence of density differentials, not a quantum-mechanical one.  

In the full paper, we plan to present potential-energy curves and other data showing that this hypothesis explains many hitherto unexplained aspects of the way ball lightning has been observed to move.
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